We isolated, purified, and characterized the hemagglutinin-neuraminidase (HN) of human parainfluenza virus type 1, with the ultimate goal of producing crystals suitable for three-dimensional X-ray structure analysis. Pronase was used to cleave the globular head of the HN molecule directly from virus particles, forming HN monomers and dimers. The purified dimers retained neuraminidase and hemadsorption activity and were recognized by 14 anti-HN monoclonal antibodies, demonstrating intact HN antigenic structure and function. N-terminal sequence analysis of the dimers showed that cleavage had occurred at amino acid 136 or 137, freeing the C-terminal 438 or 439 amino acids. On electron micrography, the dimer appeared as two box-shaped structures, each approximately 5 by 5 nm. When the purified HN dimers were crystallized in hanging drops by vapor diffusion against 20% polyethylene glycol 3350, they formed both rectangular plates and needlelike crystals. The rectangular crystals diffracted X-rays, indicating an ordered atomic structure.
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However, the resolution was approximately 10 A (1 nm), insufficient for three-dimensional structural analysis.
Experiments to improve the resolution by increasing the size and quality of the crystals are in progress.
Human parainfluenza virus type 1 (hPIV-1), a major childhood respiratory pathogen (4), expresses hemagglutinin-neuraminidase (HN) and fusion (F) surface glycoproteins. The multifunctional HN protein attaches the virus to sialic acid-containing host cell receptors (10) and hydrolyzes sialic acid residues (18, 19, 21) , agglutinates erythrocytes, and participates with the F protein in virus-host cell fusion (6, 11, 12, (14) (15) (16) (5, 9) . The HN protein of Sendai virus, when isolated by trypsin cleavage, yielded only amorphous material (20) until it was complexed with the antigen-binding fragments (Fab) of MAbs. The resulting needlelike crystals, however, were not suitable for X-ray diffraction analysis (8) . A three-dimensional description of HN will increase our knowledge of the cell-binding and neuraminidase domains, antigenic structure, and structure-function relationships. This information may provide a basis for the design of new chemotherapeutic agents. To this end, we describe the first isolation and * Corresponding author. purification of a soluble proteolytic digestion product of HN obtained directly from virus particles that retains its biological activity and antigenic activity and forms crystals that diffract X-rays.
Proteolytic cleavage and purification of the HN protein. To isolate a soluble form of HN, purified hPIV-1 (40 to 60 mg/ml in 0.01 M phosphate-buffered saline [PBS], pH 7.2) was treated with 20 ,ug of pronase (Calbiochem) per ml for 16 h at room temperature. Insoluble matter was removed by centrifugation at 120,000 x g (Beckman SW55 rotor) for 1 h. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under nonreducing conditions revealed that one dimeric and two monomeric forms of HN were released from virus particles (Fig. 1, lane 3) . Figure 2A clearly shows the two monomeric forms. All three forms were recognized by anti-HN MAbs in Western immunoblot analyses (data not shown). SDS-PAGE under reducing conditions showed the molecular mass of the cleaved HN (c-HN) monomer to be about 10 kDa less than that of monomers released from dimeric c-HN by reduction (data not shown). To obtain homogeneous material for crystallization, we separated dimers from monomers by centrifugation through a 5 to 20% sucrose gradient in a VTi5O rotor at 170,000 x g for 8 h. Each fraction was analyzed for proteins by SDS-PAGE (7) and for neuraminidase (NA) activity (1) (Fig. 2) . The fractions highest in dimeric c-HN (Fig. 2, lanes 15 to 22) were collected, pooled, and concentrated by dialysis against 70% saturated ammonium sulfate. The resulting product contained predominantly dimeric c-HN (Fig. 1, lane 4) . The (Fig. 3) . This finding confirmed that c-HN no longer contained the hydrophobic anchor region (residues 35 to 60) and was consistent with the migration of c-HN on SDS-PAGE.
Biological and antigenic characterization of c-HN. We characterized the cleaved HN to ensure that it retained the structure and functions of intact HN protein. SDS-PAGE and NA activity assays of the sucrose gradient fractions (Fig. 2) Purified c-HN dimers should possess two erythrocytebinding sites, but it has been suggested that their proximity sterically interferes with agglutination (20) . As expected, purified c-HN did not agglutinate chicken erythrocytes (cRBC) at 4°C. (Fig. 4,  top) , and long needlelike crystals (bottom). After being washed and dissolved in PBS, the material from the rectangular crystals migrated to the position of purified c-HN dimers on SDS-PAGE and demonstrated neuraminidase activity (data not shown), indicating that the rectangular crystals were composed of pure, enzymatically active HN protein. The needlelike crystals were not suitable for X-ray analysis. The rectangular crystals diffracted X-rays to about 10 A (1 nm) (19a) , indicating an ordered atomic structure, but the resolution was not sufficient to determine three-dimensional structure.
We report the successful isolation, purification, and characterization of a soluble form of hPIV-1 HN and the first crystallization of a paramyxovirus HN molecule without complexing with MAbs. These steps are a prerequisite to the X-ray structure analysis of the protein, an approach to structure-function studies that has proved successful with influenza virus HA and NA (2, 17, (22) (23) (24) (25) (26) . Multiple forms of crystals were obtained when influenza B virus NA was crystallized by using a variety of concentrations of precipitant or salt (3) . We are optimistic that we can improve the resolution of hPIV-1 HN crystals for structural determination by exploring various crystallization conditions.
